SUPPORTING INFORMATION
Additional Supporting Information may be found online in the supporting information tab for this article. Deficiency of histidine decarboxylase attenuates peripheral nerve fibre elongation into the epidermis in surfactant-treated mouse skin 1 
| BACKGROUND
The repeated use of surfactant-containing toiletries or cosmetics often causes cutaneous sensory hypersensitivity reactions characterized by itching, stinging and burning on the skin and scalp. [1] However, a detailed understanding of the mechanisms underlying cutaneous sensory hypersensitivity induced by cosmetics remains unclear.
The density of epidermal nerve fibres is highly increased in several chronic skin diseases such as contact eczema, [2] atopic dermatitis [3] [4] [5] and xerosis, [4] [5] [6] suggesting that this increase leads to enhanced sensory sensitivity against several endogenous and exogenous stimuli in the skin. Our preliminary experiments have shown that repeated application of sodium dodecyl sulphate (SDS), an anionic surfactant found in many detergents, increases the density of epidermal nerve fibres in ICR mice.
Therefore, an increase in the density of epidermal nerve fibres may be involved in the surfactant-induced cutaneous sensory hypersensitivity.
| QUESTIONS ADDRESSED
The repeated SDS stimulates the expression of histidine decarboxylase (HDC), a key enzyme for histamine synthesis [7] leading to the release of histamine from keratinocytes, [8] which induces itch-related responses. Histamine regulates the expression of nerve growth factor (NGF) and semaphoring 3A (Sema3A), associated with nerve fibre elongation (s1). [9] This study uses surfactant-treated ICR mice, HDCknockout mice and the wild-type mice (s2) to investigate the role of epidermal histamine in nerve fibre elongation.
| EXPERIMENTAL DESIGN
Experimental procedures are detailed in Data S1. Briefly, male ICR mice, male and female HDC-knockout and wild-type C57BL/6 mice were used. SDS solution was applied topically to the shaved rostral back skin once daily for 4 days. In a part of the experiment, histamine was applied to primary cultures of dorsal root ganglia (DRG) neurons.
The elongation of peripheral nerve in the skin and the neurite outgrowth in DRG neurons were evaluated by the immunostain using a pan-axonal marker protein gene product 9.5 (PGP9.5) (s3).
| RESULTS
The density of neurons in the epidermis of mice treated repetitively with SDS was significantly increased, compared with the vehicle-treated skin in ICR mice ( Figure 1A ), wild-type and HDC-knockout mice ( Figure 1B ).
However, HDC deficiency and HDC inhibitor (L-histidine methyl ester dihydrochloride, HME) (s4) significantly decreased the density of neurons in epidermis, compared with the wild-type mice ( Figures 1B and S1 ).
Nerve growth factor is one of the mediators in the sprouting of epidermal nerve fibres (s5, s6), while, Sema3A is known as an axonguidance molecule that inhibits neurite outgrowth of sensory fibres Table S1 . The total length and the maximum length of neurites in small-sized DRG neurons derived from ICR mice or C57BL/6 mice were increased after a 3-day treatment with histamine. However, identical treatment did not have an effect on the length of large-sized neurons (Figures 2 and S4 ).
| CONCLUSIONS
The present study demonstrated that repeated SDS increased epidermal nerve fibre density, which was attenuated by HDC deficiency and HME. The repeated SDS exposure induces HDC expression in epidermis and increases the concentration of histamine. [8] In addition, histamine increased the neurite outgrowth in DRG neurons. Therefore, it
can be suggested that histamine plays an important role in epidermal nerve fibre elongation in murine skin treated repeatedly with SDS.
Our previous report has shown that repeated SDS exposure induces epidermal histamine-dependent itch-associated responses in mice, which are inhibited by histamine H 1 receptor (H1R) antagonist. [8] It has previously been shown that H1R is expressed mainly in small-sized LETTERS TO THE EDITOR DRG neurons (s10). Small-sized DRG neurons give rise to unmyelinated C-fibres and thinly myelinated Aδ-fibres, and itch sensation is transmitted from skin to spinal cord via these fibres (s11, s12). These findings support our results that histamine enhances the neurite outgrowth in small-sized, but not large-sized, DRG neurons. The underlying mechanisms of histamine-induced neurite outgrowth are still unclear.
However, histamine is known to induce protein kinase Cδ (PKCδ)-dependent Erk activation (s13), which plays an important role in neurite outgrowth in DRG neurons (s14). Hence, as a possible mechanism of histamine-induced neurite outgrowth, the activation of PKCδ-mediated cell signalling pathway may be involved in the neurite outgrowth.
Nerve growth factor (s5, s6) and Sema3A (s7-s9) are important factors for neurite outgrowth. Histamine induces the production of NGF [9] and suppresses the expression of Sema3A (s1) in keratinocytes. In this study, however, repeated SDS exposure increased the expression of NGF and decreased that of Sema3A not only in ICR and C57BL/6 mice but also in HDC-knockout mice. Therefore, these findings suggest that histamine may not play a role in the expression of these proteins for nerve fibre elongation in this model.
In this study, SDS-induced epidermal nerve fibre elongation was not completely inhibited in HDC-knockout mice. It is known that besides NGF, amphireguline and artemin also act as cutaneous nerve elongation factors (s15), and in terms of nerve repulsion, anosmin-1 has a similar role to that of Sema3A (s15). Furthermore, SDS induces tight junction disruption in keratinocytes (s16), resulting in an increase in transepidermal water loss. [8] Thus, the cutaneous environment may also be involved in the peripheral nerve elongation. However, the role of histamine in the regulation of these factors and tight junction disruption is still unknown, and the underlying mechanisms will be investigated in future studies.
In conclusion, we demonstrated that epidermal nerve fibre elongation was decreased by HDC deficiency and HME. It was also shown that histamine increased the neurite outgrowth in small-sized DRG neurons. The present study provides a possibility that anionic surfactants, such as SDS, are inducers of sensitive skin through the increase in epidermal nerve fibre. As anionic surfactants are important component of detergents, a combination of anionic surfactants with HDC inhibitor may be better than anionic surfactants alone for the prevention of cutaneous sensitivity.
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